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INTRODUCTION 


Ibis  report  eunnerlzee  the  procedures,  results  and  conclusions 
for  a  series  of  studies  on  vigilance  conducted  at  Port  Bliss,  Texas 
during  the  period  of  January  through  June  of  1961. 

Ibe  general  objective  of  Subtaak  VIOIL  IV  Is  to  Identify  factors 
relevant  to  perfonsance  on  a  vigilance  taak  and  to  develop  methods 
and  techniques  for  maintaining  peak  operator  efficiency  In  vigilance 
situations.  Ibe  specific  purpose  of  the  research  Is  to  demonstrate 
the  relationship  between  a  series  of  task  and  environmental  factors 
and  vigilance  performance. 

i/ 

An  initial  survey  of  the  vigilance  literature  Indicated  that 
a  Job  engineering  approach  to  the  problem  of  vigilance  performance 
would  have  a  reasonably  high  probability  of  success.  The  report 
discussed  several  hypotheses  derived  from  theoretical  considerations 
and  cited  eng>lrlcal  studies  Indicating  four  variables  having  consistently 
significant  effects  on  vigilance  performance.  Ibese  latter  Included 
the  effects  of  variations  In  signal  rate,  group  vs.  Indlvldu^Al 
monitoring,  the  effects  of  Interpolated  rest  periods,  and  the  use  of 
benzedrine. 

ir“ 

Bergum,  B.  0.,  &  Klein,  I.  C.  A  Survey  and  Analysis  of  Vigilance 
Research.  Research  Report,  HumRRO,  1961. 


with  the  exertion  of  the  benzedrine  variable,  the  studies  conducted 
in  this  series  vere  concerned  with  evsiluatlon  of  the  aforementioned 
factors.  In  addition,  the  final  study  in  this  series  evaluated  transfer 
effects  between  different  signal  rates. 

Purpose 

A  total  of  seven  studies  vere  conducted.  These  Included  coaQiarlsons 
between  aultiple  and  single  monitored  systems;  paired  and  Isolated  monitors 
at  high  end  at  low  signal  rates;  spaced  and  massed  monitoring  at  hlg^ 
and  at  low  signal  rates;  a  coag;>arlson  of  spaced,  paired,  and  a  combination 
of  ^aeed  and  paired  monitoring;  and  a  comparison  of  transfer  effects  in 
going  from  high  to  low  and  from  low  to  high  signal  rates  In  terms  of  two 
different  displays. 

The  purpose  of  the  first  six  studies  in  combination  was  to  esqplore 
the  influence  of  a  task  variable  (signal  rate)  upon  the  output  of 
multiple  monitors  and  the  relative  efficiency  of  using  interpolated 
rest  with  isolated  monitors  vs.  continuous  manning  by  paired  and  Isolated 
monitors. 

The  purpose  of  the  seventh  study  vm  to  provide  Infoxnation  con¬ 
cerning  the  feasibility  of  Increasing  monitoring  efficiency  for  tasks 
involving  low,  or  aperlodlcally  fluctuating,  signal  rates  by  training 
In  high,  low,  or  both  signal  rates. 
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EXPERIMENT  I 


GROUP  VS.  INDIVIDUAL  MONITORING 


Introduction 

The  purpose  of  this  study  was  to  compare  conditions  of  group  moni¬ 
toring  with  individual  monitoring  in  a  novel  vigilance  situation  and  to 
determine  the  extent  to  which  vigilance  performance  is  related  to  selected 
individual  difference  parameters. 

Procedure 

Subjects.  Forty-two  Inexperienced  National  Guard  trainees  from  the 
Anny  Training  Center,  Fort  Bliss  served  as  the  subjects  in  this  study. 
Except  for  the  requirements  that  all  individuals  be  between  the  ages 
of  l8  and  26  years  and  have  normal  20/20  vision  (corrected),  no  effort 
was  made  to  systematically  select  the  individuals  participating  in  the 
study. 

Apparatus .  Four  Isolation  booths  were  en5)loyed  in  this  study, 
each  equipped  with  a  circular  panel,  13  in.  in  diameter,  consisting  of 
twenty  l/2  in.  red  lamps  \diich  illuminated  in  sequence  at  a  rate  of 
12  rpm.  A  signal  for  this  display  consisted  of  the  failure  of  a  lan^) 
to  illuminate  in  its  normal  sequence.  The  displays  were  mounted  ver¬ 
tically  at  seated  eye  height  on  the  rear  W8l11s  of  the  booths  and  a 
small  table  was  located  directly  beneath  the  display  and  adjacent  to 
the  wall.  The  room  was  dimly  illuminated  by  a  shaded  40  watt  frosted 
lamp  mounted  above  and  behind  the  subject. 
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A  pre-set  program  (Mackvorth  schedule,  12  8lgnals/l/2  hr.) 
caused  a  signal  to  be  generated  on  the  display  and  responses  were  made 
by  depressing  a  hand-held  pushbutton.  Both  signals  and  responses  vere 
automat lceGJ.y  recorded  on  paper- tape  recorders  located  In  a  central 
control  area  extemed  to  the  booths.  The  control  area  euid  four  booths 
were  connected  by  a  two-way  intercom  network. 

Two  response  pushbuttonn,  each  feeding  to  a  separate  recording 
chazmel,  were  located  in  one  of  the  booths,  and  two  pushbuttons 
leading  to  a  single  recording  chemnel  were  located  in  a  second  booth. 

One  pushbutton  was  located  in  each  of  the  two  remaining  booths. 

The  experimental  setup  is  illustrated  In  Fig.  1. 

Conditions.  All  Ss  worked  continuously  through  three  contiguous 
periods  of  approximately  30  min.  each,  for  a  total  of  approximately 
90  min.  of  work  without  rest.  The  k2  Ss  were  randomly  assigned  to  three 
groups  of  lU  Ss  each.  Group  I,  the  control  group,  consisted  of 
indlvld\ials  working  in  isolation;  Group  II  consisted  of  pairs  of 
Indlv  duals  working  in  the  same  booth,  with  freedom  to  converse 
about  anything  but  the  occurrence  of  failure  slgneds;  and  Group  III 
consisted  of  pairs  of  individuals  working  in  the  same  booth  with 
freedom  to  converse  about  anything  Including  failure  signals.  Separate 
measures  were  taken  on  the  individuals  in  the  pairs  in  Group  II,  and 
a  combined  meaaure  was  taken  for  the  pairs  in  Group  III. 

The  response  measures  were  frequency  of  correct  detections  and 
response  latencies. 


Screening  test.  Prior  to  conduct  of  the  experiment  proper, 
all  Ss  were  given  four  paper-and-pencil  tests.  The  tests  were 
fluSmlnlstered  in  group  form  24  hr.  preceding  their  pcortlcipation  in 
the  experiment  proper.  The  tests  included  a  "Letter  Counting  Test”, 
a  "Letter  Comparison  Test",  a  "Score  Checking  Test",  and  a  "Clerical 
Carefulness  Test”. 

Results 

The  results  are  considered  first  in  terms  of  the  correlations 
between  the  screening  tests  and  detection  scores.  The  second  group 
of  analyses  are  concerned  with  the  effects  of  the  experimental, 
variables  upon  detection  performance.  The  third  group  of  analyses 
deal  with  the  effects  of  the  experimental  variables  upon  response 
latencies . 

Selection  tests.  Pearson  product-moment  correlations  were 
ccs^ted  between  the  individual  screening  test  scores  and  the  total 
detection  scores  for  the  individucLls .  Because  the  e3q)erimental  variables 
resulted  in  mean  differences  between  the  groups,  which  in  turn  t'-.nded  to 
confound  the  correlations  because  of  the  resulting  bi -modal  distribution 
of  scores,  the  correlations  were  performed  on  the  l4  individuals  in 
the  control  group  only.  These  correlations  are  presented  in  Table  1. 

Of  the  four  tests,  two  (Letter  Conparlson  and  Score  Checking) 
yielded  correlations  approaching  the  level  of  significance.  In 
view  of  the  small  N  and  the  eaqploratory  nature  of  this  study  these 
r's  appear  to  be  sufficiently  promising  to  warrant  further  exploration 
in  future  studies.  The  Letter  Conpcurlson  Test  yielded  the  highest  r 
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TABLE  1 

Correlations  Between  Detection  Score  and  Screening  Tests 


TEST 

r 

Score  Checking 

-.i*02 

Letter  Conparlson 

-.487 

Clerical  Carefulness 

-.222 

Letter  Counting 

+.101 

7 


for  the  group  (r  =  .487,  .lC>j^.05)  and  required  the  least  time  for 
the  Ss  to  complete.  In  addition,  this  test  yielded  a  relatively 
restricted  range  of  scores.  Because  of  this  range  restriction  and 
the  brief  time  required  for  administration,  it  would  appear  desirable  to 
double  or  triple  the  length  of  the  test.  This  would  increase  the  relia¬ 
bility  and  variance  of  the  test. 

The  r's  for  the  Clerical  Carefulness  and  Letter  Counting  Tests 
are  sufficiently  low  to  suggest  they  would  have  little  practical 
utility  even  should  an  Increase  in  sample  size  demonstrate  a  true 
relationship  to  detection  performance. 

Detection  performance.  The  detection  scores  were  first  analyzed 
in  terms  of  the  affect  of  group  vs.  individual  monitoring.  For  this 
analysis,  the  scores  for  Groups  II  and  III  were  pooled  and  the  pairs 
of  individuals  treated  as  single  individuals.  Thus,  for  a  given 
stimulus,  the  pair  was  scored  a  correct  detection,  but  only  one  de¬ 
tection,  if  either  one  or  both  of  the  members  of  the  pair  made  a 
correct  detection.  Group  II  thus  yielded  seven  "individual"  scores  as 
did  Group  III.  These  l4  "individuals"  or  "systems"  were  compared  with 
the  l4  individuals  or  "systems"  in  Group  I.  The  percentage  of  correct 
detections  for  the  two  groups  amd  three  time  periods  are  presented  in 
Fig.  2.  An  analysis  of  veorlance  for  this  set  of  data  is  presented  in 
Table  2. 
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FI6  2  PERCENT  CORRECT  DETECTIONS  FOR  OROUP  AND  INDIVIDUAL  MONITORS 


table;  2 


Analysis  of  Variance  for  Group  and  Individual  Monitors 


SOURCE 

SS 

Group  vs.  Individual 

136. 30 

S's  same  group 

447.26 

583-56 

Trials 

61.30 

Trials  X  Cond. 

23.17 

Fboled  S's  x  Tr. 

176.24 

261.33 

844.89 

MS 

F 

£ 

1 

136.30 

7.92 

<.01 

26 

17.20 

_21 

2 

30.96 

9.14 

<.01 

2 

11.58 

3.42 

<.05 

J2 

3.39 

83 
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effect  of  double  vs.  Individual  monitoring  vas  significant 
beyond  the  if  level  of  confidence  (F  *  7*92,  1  &  26  ^),  as  was 
the  effect  of  consecutive  time  periods  (F  *  9*1^#  2  &  52  ^).  In 
addition,  the  Interaction  between  monitoring  conditions  and  time 
periods  was  significant  beyond  the  3f  level  of  confidence  (F  »  3*^# 

2  &  52  ^) . 

A  conqparlson  between  time  periods  for  the  two  monitoring  conditions 
yielded  two  significant  t*s.  These  differences,  significant  at  the  li 
level,  were  between  the  first  and  second,  and  first  eind  third  time 
X>erlod8  for  the  group  of  Individuals  only.  A  comparison  between  the 
two  monitoring  groups  at  each  of  the  three  time  periods,  yielded  t's 
significant  at  the  3f  level  for  both  the  second  and  third  time  periods. 

Double-monitoring  resulted  In  no  significant  decrement  In  detection 
performance  over  the  entire  90  min.  test  period,  whereas  the  single 
monitors  were  detecting  significantly  fewer  light  failures  by  the  end 
of  the  first  30  min.  period  and  continued  at  this  level  through  the 
remainder  of  the  task.  Ihe  performance  of  the  Individual  monitors  vas 
slightly,  but  not  significantly,  poorer  during  the  first  time  period, 
and  vas  significantly  poorer  during  the  last  two  periods. 

A  second  analysis  vas  performed  in  terms  of  the  lU  Ss  making  up 
the  pairs  in  Group  II,  In  this  case  treated  as  Indlvldueds,  and  the 
lU  Ss  In  Group  I.  The  percentage  of  correct  detections  for  the  groups 
at  each  time  period  are  given  In  Fig.  3*  An  eumlysls  of  variance  for 
these  data  Is  presented  In  Table  3* 
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TABUS  3 


Analysis  of  Variance  for  Monitors  Working  Alone 

emd 

Monitors  Working  In  Fairs 


SOURCE 

SS 

df 

MS 

F 

£ 

Pairs  vs.  Indlv. 

U2.86 

1 

k2.86 

2.11 

.2a>j>.io 

S's  In  same  group 

528. 6U 

26 

20.33 

Trials 

93.02 

2 

46.51 

11.07 

<.005 

Tr.  X  Cond. 

9.23 

2 

4.62 

Pooled  S's  X  Tr. 

218. U9 

4.20 

320. 

16 

892.24 

83 
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llie  F  for  monitors  working  alone  as  opposed  to  monitors  working 
together  Is  not  significant  (f  ■  2.11,  1  &  26  .2C&^.10).  The 

F  for  time  periods  Is  significant  beyond  the  1^  level  (F  *  11.07, 

2  &  ^2  while  the  Interaction  terms  Is  non-slgnlflceuit. 

A  comparison  between  time  periods  for  the  two  monitoring  conditions 
yielded  three  significant  t’s.  For  the  monitors  working  alone,  two 
differences  slgnlflcemt  at  the  1^  level  were  between  the  first  and 
second,  and  first  and  third  time  periods.  For  the  monitors  working 
together  a  single  difference,  slgnlflcamt  at  the  level,  was  foxind 
between  the  first  and  third  time  periods. 

Both  groups  of  monitors  showed  significant  decrements  In  detection 
performance.  However,  the  decrement  was  generally  less  for  the  paired 
monitors  and  did  not  reach  a  significant  level  until  the  third  period 
of  work.  The  decrement  for  the  Isolated  monitors  was  significant  by 
the  second  period  and  continued  at  about  the  same  level  through  the 
third  period. 

A  final  analysis  was  x>erformed  In  terms  of  the  three  groups  of 
ih  Ss  each,  with  pairs  of  Individuals  treated  eis  Individuals.  In  the 
case  of  Groups  II  and  III,  the  two  monitors  working  together  In  the 
same  booth  were  treated  as  a  single  individual.  In  the  case  of  Group  I, 
the  scores  for  the  two  Isolated  monitors  were  combined  and  treated  as 
a  single  score  for  randomly  paired  Individuals.  The  analysis  was  thus 
based  upon  the  scores  for  three  groups  of  seven  pairs  of  monitors.  The 
percentages  of  correct  detections  by  time  periods  for  edl  groups  are 
presented  In  Fig.  4.  An  analysis  of  variance  for  these  data  Is  given 
In  Table  4.  The  F's  fedled  to  approach  acceptable  levels  of  significance 
In  all  cases. 
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FIG.  4  PERCENT  CORRECT  DETECTIONS  FOR  THREE  GROUPS  OF  PAIRS 


TABLE  k 


Analysis  of  Variance  for  Three  Groups  of  Pairs 


SOURCE 

SS 

MS 

Bairs 

5.37 

2 

2.68 

S's  same  group 

111.04 

18 

6.17 

116.41 

20 

Trials 

9.93 

2 

4.97 

TV.  X  Cond. 

2.44 

4 

0.61 

Booled  S's  X  Tr. 

88. ?6 

2.47 

101.34 

42 

217.7^ 

62 

l6 


In  the  process  of  anslyzing  the  data  by  traditional  jMuranetrl.c 
teehnlquesi  It  became  apparent  that  the  nature  of  the  detection  data 


vas  such  that  the  effect  of  the  experimental  variables ,  ^en  they 
were  effective  at  all^  vas  not  only  to  Increase  the  mean  performance 
level  but  to  reduce  the  variability  of  the  resx>onses.  The  dispersion 
of  scores  for  the  control  Ss  typically  range  from  a  few  perfect  per¬ 
formances  through  a  few  extr^nely  poor  x>6rformances;  with  very  fev 
individuals  demonstrating  the  relatively  smooth  and  systematic  decre¬ 
ment  displayed  In  the  groined  data.  The  typical  effect  of  an  experi¬ 
mental  variable  Is  to  considerably  Increaae  the  number  of  perfect  scores 
and  eliminate  moat  of  the  very  poor  scores.  The  net  effect  Is  reduced 
variability  resulting  from  an  asynmetrlcal  (one-tailed)  distribution 
of  scores*  In  short,  the  effect  of  the  esqperimental  variable  Is  to 
produce  data  vhlch  violate  tvo  fundamental  assuiq;>tlons  of  parametric 
statistics:  nonnsLllty,  and  homogeneity  of  variance.  It  Is  recognized 
that  seme  latitude  exists  In  the  degree  to  vhlch  these  assun^tlons  nay 
not  be  met  without  significantly  effecting  the  vcLUdlty  of  tbe  statistical 
results,  but  In  the  present  ease  It  Is  not  known  idiether  the  data 
exceed  these  tolerances  or  not*  One  solution  to  the  problem  would  be 
to  double  the  observed  significance  levels  and  Interpret  the  data  In 
these  terms. 

A  second  solution,  however,  would  be  to  spply  distribution-free 
statistics  to  the  data  as  a  check  on  the  validity  of  the  parametric 
findings*  This  was  dene  for  the  cuialysls  presented  In  the  upper  half 
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of  Table  3.  This  particular  analysis  was  selected  because  It  vas 
the  only  significant  finding  in  the  study  relating  to  a  primary 
variable. 

The  non-paraznetric  tests  were  applied  tc  the  data.  The  first  of 
these  vas  the  Mann-Vfhitney  U*test.  This  test  yielded  a  U  of  k2.3 
vlth  a  £  of  less  than  .01  for  a  one-tailed  test.  The  second  non- 
paraaetrlc  test  vas  the  Kruskal-Vallis  une-vay  analysis  of  variance.  This 
te6t  yielded  an  E  of  6.84  irith  a  tvo- tailed  £  of  less  them  .01.  Both 
of  these  results  are  cooparabla  to  those  obtained  vi^.th  the  parametric 
F-test.  Of  the  tvo  non-parametrics,  hovever,  the  Kruskal-Vallls  test 
i^pears  to  be  slightly  more  poverful  for  this  type  of  data. 

Latencies .  Mean  latencies  for  each  jndivldual  in  Groups  I  and 
II  for  each  time  period  vere  conputed.  In  tvo  cases  Individuals 
failed  to  respond  during  a  time  period  and  their  seen  latencies  (in 
arbitrary  units)  for  the  preceding  period  vere  substituted  in  the  data. 
These  mean  are  presented  in  Table  3*  Because  they  do  not  display  the 
special  characteristics  of  the  detection  data,  an  analysis  of  variance 
vas  perfcnned  on  these  data  and  the  results  are  presented  in  Table  6. 

None  of  the  F's  vere  significemt  in  this  analysis.  However, 
all  F's  fell  between  the  10^  and  20^  levels  of  confidence.  These 
results  are  of  some  interest  in  that  they  suggest  that  individuals 
working,  alone  demonstrate  relatively  long  and  relatively  eonstcmt 
latencies  throughout  the  test  period,  while  the  latencies  for  pairs 
of  individuals  start  out  relatively  short  axid  Increase  to  a  level 
equal  to  that  of  the  lone  workers  by  the  end  of  testing.  While  not 
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TABLE  5 


Response  Latencies-**^  for  Monitors  Working  in 
Pairs  and  Alone 


TIME  PERIOD 


CONDITION 

1 

2 

3 

AVERAGE 

Pairs 

3.67 

3.94 

4.21 

3.94 

Individuals 

h.21 

h.29 

4.19 

4.23 

Average 

3.9h 

4.11 

4.20 

*In  Arbitrary  units:  one  unit  equals  O.UO  sec.  approximately. 
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tabu:  6 


Analysis  of  Varlsince  for  Response  Latencies 
for  Monitors  Working  In  Pairs  and  Alone 


SOURCE 

SS 

MS 

F 

£ 

Fairs  V8.  Indlv. 

2.38 

1 

2.38 

1.85 

.20^.10 

S's  ssae  group 

26 

1.29 

36.06 

Trials 

1.60 

2 

0.30 

1.89 

.2a>]g>.io 

Tr.  X  Cond. 

0.63 

2 

0.32 

1.99 

.2a>]^.io 

Pooled  S's  X  Tr. 

8.26 

12 

0.16 

9.U9 

16 

i*5.55 
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significant,  these  results  suggest  a  possible  adaptation  effect  to 
the  stlanilation  deriving  from  the  presence  of  another  monitor. 

Dlscuss.’.on 

The  near- significant  correlations  between  two  of  the  paper-aind- 
pencll  screening  tests,  despite  the  relatively  small  san^^le  size.  Is 
encouraging  and  suggests  ttiat  such  devices  may  prove  useful  in  the 
prediction  of  monitoring  behavior.  In  particular,  as  suggested  earlier. 

It  is  quite  possible  that  an  Increase  in  length  for  the  "Letter  Comparison 
Test"  might  Increase  Its  effectiveness.  Both  this  and  the  "Score 
Checking  Test"  show  sufficient  prondae  to  variant  further  investigation 
in  future  studies. 

The  highly  significant  differences  between  isolated  monitors  and 
paired  monitors  working  Independently  was  to  be  anticipated  on  a  sinple 
statistical  basis*  This  notion  is  supported  by  the  relatively  high 
level  of  detection  performance  for  the  "paired"  individuals  in  Group  I 
as  con^ared  with  their  performance  when  treated  as  individuals  in  the 
final  detection  score  analysis.  Of  considerable  theoretical  Interest, 
however,  was  the  tendency  in  the  analyses  for  the  isolated  monitors 
to  pert'orm  at  a  lower  level  than  monitors  working  in  pairs.  If  the 
effects  of  pairing  were  no  more  than  the  additive  effects  of  overlapping 
distributions  of  Individual  detections  the  pairs  of  monitors  working 
together  should  have  been  no  better  than  the  monitors  worklrg  alone. 

Thus,  had  the  compeurlson  between  the  l4  Ss  in  Group  I  with  the  lU  Ss  In 
Group  II  attedned  significance,  a  "statistical"  hypothesis  (in  which  the 
combined  probability  of  detection  for  the  paired  Ss  would  be  the 
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predicted  perfoxnanee  level)  could  have  been  rejected  and  an  "activation” 
hypothesis  (in  \dilch  the  predicted  performance  level  vould  be  significantly 
higher  than  that  predicted  by  the  statistical  hypothesis)  supported. 

If  It  could  be  assumed  that  a  Isomer  8aiq)le  vould  demonstrate  this  to  be 
a  true  difference,  this  finding  vould  have  Isq^llcatlons  for  "real  vorld" 
monitoring  situations  and  appears  vorthy  of  further  study. 

As  noted  In  the  Results  section,  the  latency  data  tend  also  to 
support  an  activation  hypothesis  Interpretation  of  the  data  although, 
again,  the  results  fall  short  of  statistical  significance.  A  Pearson 
product-moeient  correlation  betveen  latencies  and  detection  scores 
Indicated  no  relationship  betveen  these  measures  (r  >  -.06o)  and  this 
Independence  lends  further  velght  to  an  activation  Intexpretatlon, 
l.e.:  tvo  Independent  measures,  vhlle  statistically  non- significant 
In  their  effects  vlth  a  limited  8aiq>le,  both  tend  to  support  the  notion 
that  some  factor  Is  present  In  group  monitoring  vhlch  tends  to  push 
perfonnance  above  a  slsqple  statlstlcedly  predictable  faicllltatlon  of 
performance. 


EJCPERIMENT  II 


EFTECTS  OF  PAIRING  ON  INDIVIDUAL  PERFOIWANCE  (HIGH  SIGNAL  RATE) 
Introduction 

The  purpose  of  this  study  was  to  explore  further  the  suggestive 
effects  of  pairing  on  individual  performance  found  in  Experiment  I  of 
this  series.  In  the  fir  it  study  a  comparison  was  made  between  the 
individual  performances  of  monitors  working  in  pairs  emd  monitors  working 
alone.  The  results  suggested  that  individual  monitoring  performances 
were  iii5)roved  when  one  monitor  worked  In  the  presence  of  another  monitor, 
but  this  difference  was  not  statistically  reliable. 

This  result  is  of  both  practical  and  theoretical  interest.  In  the 
practical  case,  given  a  decision  to  en5>loy  more  thaui  one  monitor  in  the 
system,  the  further  decision  to  employ  one  or  two  displays  in  the  same  or 
different  physical  locations  in  the  system  could  reasonably  be  affected 
by  the  posslbJe  facilitating  effect  of  the  immediate  presence  of  another 
monitor. 

From  a  theoretical  point  of  view,  this  result  is  of  interest  in  that 
it  is  in  the  direction  predicted  by  an  activation  hypothesis,  and  should 
the  result  be  replicable,  would  constitute  further  supportive  evidence 
for  a  general  activation  interpretation  of  vigilance  behavior. 

Procedure 

Subjects.  A  total  of  40  inexperienced  National  Guard  trainees  f  rom 
the  Anny  Training  Center,  Fort  Bliss,  served  as  the  subjects  in  this  study. 
The  requirements  were  similar  to  those  in  Experiment  I. 
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i^yparatus .  The  apparatus  employed  In  this  study  vas  identical  to 


that  used  In  E3q>erlinent  I. 

Conditions .  All  Ss  vorked  continuously  through  three  contiguous 
periods  of  approximately  30  min.  each,  for  a  total  of  approximately  90 
min.  of  work  without  rest.  The  to  3s  were  remdomly  assigned  to  two 
groups  of  20  Ss  each.  Group  1,  the  control  group,  consisted  of 
individuals  working  in  isolation;  Group  II  consisted  of  pairs  of  indivl- 
dusds  working  independently  in  the  same  booth  with  freedom  to  converse 
about  smythlng  but  the  occurrence  of  failure  signals.  Separate  measures 
were  taken  on  all  Individusils  in  both  groups.  Signed  rate  weus  2k  signals/hr. 

The  response  measures  were  frequency  of  correct  detectiom^  and 
response  latencies. 

Results 

Ihe  first  set  of  analyses  is  concerned  with  detection  scores. 

Included  in  these  ansdyses  are  a  coD^)arison  of  the  major  groups  and 
correlations  between  pairs  of  individuals  in  the  same  groups.  The 
second  set  of  suialyses  dead  with  the  effects  of  the  e9q>crlmental  variable 
upon  response  latencies. 

Detection  performance.  Figure  ^  presents  the  mean  percentage 
detection  scores  for  the  two  groups  for  each  of  the  three  half-hour 
work  periods.  Both  groups  shoved  a  decline  in  performemce  over  time, 
but  the  mean  performance  of  the  paired  individuals  tended  to  be  superior 
over  sdl.  A  Kruskall-Wallis  one-way  analysis  of  vsirlance  vas  perfoxned 
on  these  data  to  determine  the  significance  of  these  group  differences. 
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FIG.  5  PERCENT  CORRECT  DETECTIONS  FOR  PAIRED  AND  ISOLATED  MONITORS 


This  analysis  yielded  an  H  of  1.3d  with  an  associated  two-tailed  probability 
of  .20>  £  >  .10.  This  Is  precisely  the  same  result  obtained  In  Experii  j.  1 
for  this  comparison  and  suggests  strongly  that  pairing  does  tend  to  In¬ 
crease  Individual  performances  but  Is  a  relatively  minor  variable. 

In  order  to  determine  the  specificity  of  the  pairing  effect  on 
performance,  a  rank  order  correlation  was  performed  between  the  members 
of  the  10  pairs  of  Individuals  working  together.  This  analysis  yielded 
a  rho  of  .709^  £  <  .03.  As  a  control  for  this  analysis,  a  second  rho 
was  computed  bet%reen  Individuals  tested  at  the  same  time  but  In  separate 
booths.  This  analysis  yielded  a  rho  of  .109,  £  >.03.  Finally,  the  de¬ 
tection  scores  for  the  two  paired  Individuals  were  combined  and  paired 
with  the  combined  scores  of  the  two  individuals  in  separate  booths  for 
a  given  session.  This  yielded  10  pairs  of  scores  for  which  a  final  rank 
order  correlation  was  performed.  The  purpose  of  this  analysis  was  to 
determine  whether  common  factors  were  affecting  the  performance  of  all  S^s 
In  a  given  session  which  might  account  for  the  significant  rho  between 
paired  individuals.  This  analysis  yielded  a  rho  of  -.062,  £  >.03.  These 
analyses  suggest  that,  whatever  the  effect  of  pairing.  It  tended  to  be 
specific  to  a  given  pair  of  individuals,  l.e.,  when  one  member  of  the 
pair  did  well,  the  other  member  also  did  well  and  these  results  cannot 
be  accounted  for  by  test  situation  artifacts. 

Latencies.  Mean  response  latencies  (arbitrary  units)  for  each  group 
for  each  of  the  three  test  periods  were  computed  and  are  presented  In 
Table  7.  The  pairs  tended  to  respond  at  a  constant  more  rapid  rate 
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TABLE  7 


Response  Latencies*  for  Individuals  Working  in 
Pairs  and  Alone 


TIME  PERIOD 


CONDITION 

1 

2 

3 

AVERAGE 

PAIRED 

3.3^+ 

3.37 

3.33 

3.35 

INDIVIDUALS 

3.^3 

3-73 

3-71 

3.62 

AVERAGE 

3.39 

3.55 

3.52 

*In  arbitreiry  units: 

one  unit 

equals  0.40 

sec.  approximately 

throughout  all  sessions  than  did  the  individuals,  who  tended  to  respond 
rs^dly  in  the  first  period  and  mere  slowly  in  the  final  two  periods. 

An  analysis  of  variance  of  these  data,  however,  yielded  no  significant 
F's  for  any  of  the  conqparisons . 

Discussion 

The  results  of  this  study,  in  terns  of  the  significant  correlations 
between  the  perforaances  of  the  paired  individuals,  tend  to  support  the 
inteipretation  that  a  significant  interaction  occurs  between  the  paired 
individuals.  It  is  probable  that  the  statistically  non- significant 
superiority  of  pairs  over  the  random  combination  of  individuals  found 
in  both  studies  is  nonetheless  a  real  effect  in  view  of  the  present 
finding,  l.e.,  sooethlng  is  happening  as  a  result  of  the  pairing  of 
oonltors  in  the  same  environment  over  and  above  what  could  be  expected 
by  a  simple  statistical  combination  of  their  responses- 

Wiat  this  "something"  is  cannot  Immediately  be  determined  from 
the  data.  The  analyses  indicate  that  it  is  not  an  artifact  of  the 
apparatus  or  procedures  €uid,  because  the  &  knew  they  were  being 
monitored  over  the  intercom,  it  is  improbable  that  the  effect  was  the 
resxilt  of  cheating  between  the  members  of  the  pairs. 

The  overall  results  «Lre  in  line  with  what  would  be  predicted  from 
an  activation  hypothesis  interpretation  in  that  the  presence  of  another 
individual  would  tend  to  increase  the  generr'.  stimulation  level  in  the 
cnTlrOTment  and  thus  facilitate  the  general  level  of  alertness  of  the 
Ixk.  -/iduals  participating.  However,  this  interpretation  does  not 
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e]q>laln  vhy  the  effect  if  specific  to  the  pairs,  i.e.,  vhy  a  correlation 
exists  between  the  nenbers  of  the  pairs.  A  strict  activation  Intezpre- 
tatlon  voiild  re<iuire  a  general  facilitation  of  perfomance  for  the 
paired  individuals,  but  no  relationship  between  pairs  of  individual 
ccores.  !nius,  activation  nay  e^lain  part  of  the  effect,  but  certainly 


not  all  of  the  effect. 


T  III 


EFFECTS  OF  PAIHIBG  OH  IHDIVIIXJAL  FERPOIMANCE  (LOW  SIGHAL  RATE) 


Introduction 

In  the  preceding  experiments  a  fau:illtating  effect  ais  a  result  of 
pairing  monitors  vas  demonstrated  \dien  a  high  signal  rate  (24  slgnals/hr.) 
vas  esqployed.  The  purpose  of  this  study  vas  to  detennlne  whether  a 
similar  facilitating  effect  could  be  demonstrated  when  a  low  signal  rate 
(6  slgnals/hr.)  vas  employed. 

Procedure 

Subjects.  A  total  of  40  Inexperienced  National  Guard  trainees 
from  the  Army  Training  Center,  Fort  Bliss  served  as  the  subjects  In 
this  study.  The  subject  requirements  were  similar  to  those  employed  In 
the  preceding  tvo  studies. 

Apparatus .  The  appeu^tus  employed  In  this  study  vas  Identical  to 
that  employed  In  the  preceding  tvo  studies. 

Conditions .  All  Ss  worked  continuously  through  three  contiguous 
periods  of  approximately  30  min.  each,  for  a  total  of  90  min.  of  work 
without  rest.  The  40  Ss  were  randomly  assigned  to  tvo  groups  of  20  Ss 
each.  Group  I,  the  control  group,  consisted  of  Individuals  working  alone 
in  separate  booths;  Group  II  consisted  of  pairs  of  Individuals  working 
In  the  same  booth  with  freedom  to  converse  about  anything  but  the  occur¬ 
rence  of  failure  signals.  Separate  measures  were  taken  on  all  Individuals 
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in  both  groups.  Ihe  response  measures  were  frequency  of  correct  de¬ 
tections  and  response  latencies.  The  signal  rate  was  6  signals/hr. 

Results 

Two  groups  of  analyses  were  performed  on  the  data.  Ihe  first 
group  was  in  terras  of  detection  scores;  the  second  was  in  terms  of 
response  latencies. 

Detection  performance.  The  mean  percentage  of  correct  detections 
for  both  groups  for  each  of  the  three  test  periods  ic  presented  in 
Fig.  6.  Both  groups  showed  a  decrement  in  performance  over  time,  with 
neither  group  showing  any  marked  superiority  over  the  other.  A  Kruskal- 
Wallis  one-way  analysis  of  variance  yielded  an  H  of  .15  with  an  associa¬ 
ted  one-tailed  £  of  >..05.  In  contrast  to  the  results  obtained  under 
high  signal  rate  conditions,  pairing  does  not  appear  to  have  had  a 
facilitating  effect  upon  overall  detection  performance  when  signal  rate 
is  low. 

In  order  to  determine  whether  the  pairing  variable  continued  to 
result  in  a  significant  interaction  between  individuals  working  together 
despite  the  failure  to  obtain  an  overall  effect,  a  rank  order  correla¬ 
tion  was  performed  between  the  members  of  the  10  pairs  of  individuals 
working  together.  This  analysis  yielded  a  rho  of  .773»  £^.01.  As  a 
control,  a  second  rho  was  computed  between  individuals  tested  at  the 
same  time  but  in  separate  booths.  This  analysis  yielded  a  rho  of  -  .152, 
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£  >.05.  A  rho  betweBn  the  combined  dcores  for  paired  individuals  and 
the  combined  scores  for  the  individuals  in  separate  booths  for  a  given 
session  vas  also  conpited.  The  value  of  this  rho  was  .115»  £  >.05* 

These  results  are  very  similar  to  those  found  in  Experiment  II  and  tend 
to  further  confirm  the  conclusion  that  the  effects  of  pairing  are  specific 
to  the  Individuals  Involved. 

Latencies.  The  mean  response  latencies  (arbitrary  units)  for  both 
groups  at  each  time  period  are  presented  in  Table  8.  The  pairs  tended 
to  respond  more  rapidly  as  time  progressed,  while  the  individuals  tended 
to  respond  more  slowly  eis  time  progressed.  As  was  the  case  in  the 
earlier  studies,  the  overall  latencies  for  the  paired  Ss  tended  to  be 
superior  to  those  for  the  individuals.  Also  as  before,  an  analysis  of 
vauTiemce  of  these  data  failed  to  yield  any  significant  F's. 

Discussion 

The  failure  of  the  pairing  vaurlable  to  effect  the  overall  detection 
efficiency  was  quite  unexpected  amd  lends  weight  to  the  aurgument  that 
the  effect  Is  rather  specific  to  the  pairs  of  individuals  involved.  The 
highly  significaint  correlation  between  the  performeinces  of  the  paired 
Individuals  lends  further  support  tb  this  notion  amd  provides  further 
evidence  contrary  to  the  interpretation  that  cheating  might  auicount  for 
the  pairing  effect.  If  signal  information  were  being  exchanged  the  effect 
would  be  to  raise  the  overall  detection  performemce  for  the  group  and 
this  did  not  occur. 
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TABLE  8 


Response  Latencies*  for  individuals  Working  in  Pairs  and  Alone 


TIME 

PERIOD 

CONDITION 

1 

2 

3 

AVERAGE 

Individuals 

3.78 

U.08 

k.ko 

^+.09 

Paired 

3*86 

3.79 

3.66 

3.77 

AVERAGE 

3.82 

4.03 

*In  arbitrary 

units:  one 

unit  equals 

0.40  sec. 

approximately 

A  possible  inteiT)retation  of  the  results  that  would  still  be  in 
line  with  an  activation  interpretation  might  be  that  the  effects  of 
environmental  stimulation  are  conditional  upon  the  degree  of  stimula¬ 
tion.  ISius,  for  exao^le,  ^en  stimulation  ras  relatively  mild  its 
effect  might  be  facilitative.  Beyond  some  point,  however,  irrelevant 
stimulation  (intensive  conversation,  for  example)  might  be  distracting 
and  interfere  with  performance.  Khlle  the  Ipformation  was  not  record¬ 
ed  and  not  correlated  with  performance,  it  was  apparent  in  monitoring 
the  conversations  of  the  paired  Ss  that  considerable  variation  occurred 
among  the  pairs  in  terms  both  of  the  amount  smd  intensity  of  convetaatlon . 


EXPERIMENT  IV 


EFFECTS  OF  REST  PERIODS  ON  PERFORMANCE  (HIGH  SIGNAL  RATE) 
Introduction 

The  purpose  of  this  study  was  to  determine  the  effects  of  brief 
rest  periods  upon  Individual  monitoring  performance  on  a  task 
enploylng  a  high  (24  slgnals/hr.)  signal  rate. 

Procedure 

Subjects.  A  total  of  40  Inexperienced  National  Guard  trainees 
from  the  Amy  Training  Center,  Fort  Bliss  served  as  the  subjects  in  this 
study*  The  requirements  were  similar  to  those  in  the  preceding  three 
studies . 

Apparatus .  The  appouratus  employed  In  this  study  was  identical  to 
that  enployed  In  the  preceding  studies. 

Conditions .  All  Ss  worked  In  Isolation  through  three  periods  of 
^proxtmately  30  min.  each,  for  a  total  of  90  min.  of  monitoring.  The 
40  Ss  were  randomly  assigned  to  two  groups  of  20  Ss  each.  Group  I  Ss 
worked  continuously  through  the  90  min.  period,  while  Group  II  Ss  were 
peniittcd  a  10  min.  rest  period  outside  the  test  cubicles  between  the 
first  and  second,  and  second  and  third,  monitoring  periods. 

The  light  fedlure  sequence  was  Identical  for  all  Ss  in  both 
conditions  during  all  monitoring  sessions  and  was  at  a  rate  of  24 
slgnals/hr.  Independent  measures  of  correct  detections  and  response 
latencies  were  taken  for  all  Ss. 
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Results 


The  data  vere  emalyzed  first  In  terns  of  number  of  correct 
detections  and  then  In  texns  of  response  lateneles. 

Detection  performance.  The  mean  percentage  of  correct  detections 
for  both  groi5)s  for  each  of  the  three  test  periods  are  presented  In 
Fig.  7*  The  rest  condition  shows  an  cdmost  constant  high  level  cf 
performance  (approximately  951^  correct  detections)  over  the  entire 
testing  session,  \dille  the  massed  condition  shows  a  marked  and  continuing 
performance  decrement  %rlth  progressive  work  periods. 

A  Kruskal-Vallls  one-way  analysis  of  variance  for  these  data 
yielded  an  H  of  3*^  with  an  associated  one-tailed  p  of  less  than  .01. 

Brief  rest  periods  resulted  In  significantly  superior  detection  perfonunce. 

Latencies .  The  mean  response  latencies  (arbitrary  units)  for  both 
groups  at  each  time  period  are  presented  in  Table  9*  The  si>aced  groiqp 
showed  no  consistent  trend,  but  tended  to  perform  more  rapidly  In  general 
thsui  the  massed  group.  The  massed  group  tended  to  perfoxn  slightly 
better  In  the  Initial  than  In  the  remaining  two  periods.  An  analysis  of 
vairlance  for  these  data  yielded  no  significant  F's. 

Discussion 

The  results  for  the  detection  data  eon  quite  clear  cut.  The 
Introduction  of  rest  Intervals  results  In  significantly  si^rlor  detection 
performance  over  the  entire  monitoring  period  used  In  this  study.  These 
results  were  as  expected  and  are  of  Interest  primarily  because  they 
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TABLE  9 


Response  latencies*  for  Spaced  and  Massed  Monitors 


TIME  PERIOD 


CONDITION 

1 

2 

3 

AVERAGE 

Spaced 

3.38 

3.44 

3.31 

3.38 

Massed 

3.43 

3.73 

3.71 

3.62 

AVERAGE 

3.4l 

3.59 

3.51 

*In  arbitrary  units:  one  unit  equals  0.40  sec.  approximately. 
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demonstrate  the  effectiveness  of  this  variable  even  vhen  the  length  of 
the  rest  pause  amounts  to  about  one  quarter  of  the  total  work  period. 
Earlier  studies  employing  this  variable  (Mackvorth)  demonstrated  its 
effectiveness  under  conditions  in  vhich  time  off  i<as  equal  to  time  on 
the  Job,  but  the  present  results  suggest  that  rest  periods  of  even 
briefer  duration  than  those  employed  in  the  present  study  may  be  equally 
effective  in  maintaining  a  high  level  of  performance. 
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KXPBiCLJCB^r  Y 


Bfmrrs  of  rest  fekiocs  ok  ferfo^makce  (lov  sigkal  mte) 

Introduction 

The  purpose  of  this  study  -ms  to  detenlne  the  effects  of  brief 
rest  periods  upon  IndlTldual  aonltorlng  perforaence  oa  a  task  enploylng 
a  lov  (6  slgnals/hr. )  signal  rate. 

Procedure 

Subjects.  A  total  of  20  lne:q>ei lenced  Hatlqual  Guard  trainees  froa 
the  kraj  Training  Center,  Fort  Bliss  served  as  the  subjects  In  this 
study.  'Rie  requlreaents  vere  slsiUar  to  those  In  the  preceding  four 
studies . 

Apparatus.  The  i^jpaiatus  ec^loyed  In  this  study  vas  Identical 
to  that  en^loyed  in  the  preceding  studies. 

Conditions .  The  conditions  for  this  experlaent  vere  IdenticsLL  to 
those  es^loyed  In  the  preceding  study  (Sxperlaent  IT)  vlth  the 
exception  that  the  signal  rate  vas  6  slgnals/hr.  rather  than 
2^  slgnals/hr. 

Results 

The  data  vere  analyzed  first  In  terms  of  nuaber  of  correct 
detections  and  finally  in  tene  of  resxnnse  latencies. 

Detection  perforaance.  The  mean  percentage  of  correct  detectioos 
for  both  groups  for  each  of  the  three  test  periods  are  presented  In 
Fig.  8.  'Rie  results  are  similar  to  those  obtained  in  E^qwrlJKnt  IT 
eo^loylng  a  high  signal  rate.  The  rest  ecDdltion  shows  an  alaoat 
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conatant  high  level  of  perfomance  over  the  full  testing  period,  while 
the  massed  condition  shows  a  marked  performance  decrement  with 
progressive  work  periods. 

A  Kruskal-Wallls  one-way  analysis  of  veurlance  for  these  data 
yielded  an  H  of  4,73  with  an  associated  one-talled  £  of  less  than 
.025*  As  was  the  case  In  Experiment  IV,  brief  rest  periods  resulted 
In  superior  detection  performance. 

Latencies .  The  mean  response  latencies  (arbitrary  units)  for 
both  groups  at  each  time  period  are  presented  In  Table  10.  In  terms 
of  overall  latencies  there  does  not  appear  to  be  any  difference  between 
massing  and  spacing.  In  the  Inltlai  period  the  massed  group  appears 
to  perform  quite  slowly  and  improves  In  the  final  two  periods.  In 
contrast,  the  spaced  group  tended  to  respond  rapidly  In  the  first 
period  and  then  level  off  at  a  lower  level  during  the  remaining  two 
periods . 

An  analysis  of  variance  for  these  data  Is  presented  In  Tdble  11. 
The  only  significant  F  In  this  analysis  was  for  the  conditions  Just 
described:  between  sessions  and  conditions  (2<*0^).  The  reason  for 
this  Interaction  effect  Is  not  apparent. 

Discussion 

!nie  principal  significance  of  the  present  results  lies  In  the 
fact  that  they  are  almost  Identical  to  those  found  when  spacing  was 
etployed  with  a  high  signal  rate.  These  resxilts  further  confirm  the 
power  and  generality  of  this  variable  In  Its  effects  upon  monitoring 
performance . 
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TABLE  10 


Response  Latencies*  for  Massed  and  Spaced  Monitors 


TIME  PERIOD 


CONDITION 

1 

2 

3 

AVERAGE 

Massed 

2.31 

1.55 

1.59 

1.82 

Spaced 

1.65 

1.97 

1.93 

1.85 

AVERAGE 

1.98 

1.76 

1.76 

*In  arbitrary  units:  one  unit  equals  1.25  sec.  approximately. 
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TABLE  11 


Analysis  of  Varlsuice  for  Massed  vs.  Sx>aced 
Monitoring  over  Three  Time  Periods 


SOUPCE 

SS 

df 

MS 

F 

Mass  V8.  Space 

.02 

1 

.02 

- 

Between  Ss 

12.1k 

.67 

TOTAL 

12.16 

Between  Sessions 

.65 

2 

.325 

- 

Session  x  Cond. 

3-59 

2 

1.800 

^*.99* 

Pooled  Ss  X  Sees. 

12.^8 

.361 

TOTAL  WITHIN 

17.22 

LO 

TOTAL 

29.38 

*  £  <.05 


EXPERIMENT  VI 


COMPARATIVE  EFFECTS  OF  PAIRING,  REST  PERIODS,  AND  A 
COMBINATION  OF  PAIRING  AND  REST  PERIODS 


Introduction 

The  purpose  of  this  study  wbls  to  compare  the  relative  effects  of 
pairing,  rest  pauses,  and  a  combination  of  pairing  and  rest  pauses. 

It  vaa  predicted  that  a  combination  of  these  conditions  would  be 
superior  to  either  condition  alone. 

Procedure 

Subjects.  A  total  of  60  ine:q)erienced  National  Guard  trainees 
from  the  Airny  Training  Cfcnter,  Fort  Bliss  served  as  the  subjects  in 
this  study;  The  requirements  wre  similar  to  those  in  the  preceding 
experiments* . 

Appcumtus .  The  appsiratus  enrloyed  in  this  study  was  identlced 
to  that  used  In  the  preceding  five  studies. 

Conditions .  All  Ss  %rorked  through  three  periods  of  approximately 
30  min.  each,  for  a  total  of  approximately  90  min.  of  work.  The  60  Ss 
were  randomly  assigned  to  three  groups  of  20  Ss  each.  Group  I  consisted 
of  pairs  of  Individuals  working  in  the  same  booth  with  freedom  to  converse 
about  anything  but  the  occurrence  of  failure  signals.  These  Ss  worked 
continuously  through  the  90  min.  period.  Group  II  consisted  of 
individuals  working  In  isolation.  These  Ss  were  permitted  a  10  min. 
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rest  pause  outside  the  test  cubicles  between  the  first  and  second, 
and  second  and  third,  monitoring  periods.  In  group  III,  Ss  worked 
in  pairs  and  received  a  10  min.  rest  pause  between  the  first  and 
second,  and  second  end  third,  monitoring  periods. 

Ilie  light  failure  sequence  was  identical  for  all  Ss  in  all 
conditions  during  all  monitoring  periods  and  was  at  a  rate  of  2k 
signals/hr.  Independent  measures  of  correct  detections  were  taken 
for  all  Ss. 

Results 

The  mean  percentage  of  correct  detections  for  all  groups  for  each 
of  the  three  monitoring  periods  are  presented  in  Fig.  9*  As  predicted, 
the  combination  of  pairing  and  rest  pauses  yielded  the  highest  overall 
performance,  with  rest  pauses  and  pairing  following  in  that  order. 

,  In  order  to  test  the  overall  significemce  of  these  differences  a 
Kruskal-Wallis  one-way  analysis  of  variance  was  applied  to  these  data. 
This  analysis  yielded  an  H  of  3’2k  with  an  associated  p  of  between  .10 
and  .20  for  2  Because  of  the  relatively  low  significance  level  of 
this  finding,  no  further  euialyses  were  made  of  the  data. 

Discussion 

The  results  of  this  study,  while  statistically  non- significant, 
were  in  the  predicted  direction.  The  reason  for  this  failure  to  obtain 
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FIG  9  PERCENT  CORRECT  DETECTIONS  FOR  SPACED,  PAIRED,  AND  SPACED  -  PA  IR£D 

MONITORS 
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significant  differences  is  apparent  \rtien  the  generally  high  level  of  \ 

performance  for  all  groups  is  considered.  The  nature  of  the  data 
is  such  that  the  range  of  possible  ln5)rovem8nt  is  arbitrarily  restrict¬ 
ed  by  an  absolute  maximum  number  of  detections.  The  effect  of  this 
restriction  is  to  create  a  relatively  insensitive  test  of  the  effects 
of  the  different  variables  and  their  combinations. 

From  a  practical  point  of  view,  however,  this  restriction  of 
variability  is  both  significant  and  desirable  since  the  objective 
is  to  reduce  variability  to  zero.  These  results  suggest  that  a 
combination  of  more  than  two  effective  variables  would  probably  fluid 
little  to  this  objective. 
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EXPERIMENT  VII 


TRANSFER  BETWEEN  SIGNAL  RATES 


Introduction 

The  purpose  of  this  study  was  to  determine  the  effects  upon  subse¬ 
quent  performance  at  a  given  signal  rate  of  initial  performance  on  a 
vigilance  task  at  a  different  signal  rate.  A  second  purpose  was  to 
determine  the  extent  to  vhlch  vigilance  performance  is  comparable  be¬ 
tween  two  qualitatively  different  display  systems.  It  was  anticipated 
that  this  study  would  yield  information  relative  to  the  feasibility 
of  increasing  monitoring  efficiency  for  tasks  involving  low,  or  a- 
perlodically  fluctuating,  signal  rates  by  training  in  high,  low,  or 
both  signal  rates  as  these  apply  to  different  display  systems. 

Procedure 

Subjects.  A  total  of  80  inexperienced  National  Guard  trainees 
from  the  Army  Training  Center,  Fort  Bliss,  served  as  the  subjects 
in  this  study.  The  requirements  were  similar  to  those  in  the  pre¬ 
ceding  studies. 

Apparatus .  With  the  exceptions  to  be  noted,  the  apparatus  was 
identical  to  that  employed  in  the  earlier  studies  in  this  series, 
including  the  four  booths,  the  circular  light  panels,  and  the  intercom 
network.  In  the  present  study  all  booths  had  only  one  pushbutton. 
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In  addition,  two  of  the  booths  were  each  equipped  with  a  null- 
meter  display.  This  display  consists  of  an  ammeter  with  a  pointer 
centered  at  zero  \diich  can  vary  through  an  angular  range  of  approxi¬ 
mately  20  degrees  on  either  side  of  zero.  Except  when  a  signal  is 
generated  by  the  programmer,  the  pointer  remains  relatively  stable 
about  the  zero  point  on  the  dial  face .  Generation  of  a  signal  re¬ 
sults  in  a  clockwise  deflection  of  the  pointer  through  approxi¬ 
mately  15  degrees  of  rotation.  Signals  for  both  the  null-meter 
and  light  displays  were  simultaneously  generated  by  the  same  pro¬ 
grammer. 

Conditions.  The  design  of  the  experiment  included  combinations 
of  two  transfer  conditions  with  two  display  conditions.  The  Ss  in 
Condition  I  performed  first  at  a  signal  rate  of  2k  signcds/hr.  and 
were  transferred  in  a  second  session  to  a  rate  of  6  signals/hr. 

The  Ss  in  Condition  II  performed  first  at  a  signal  rate  of  6  slg- 
netls/hr.  and  were  treuasf erred  in  a  second  session  to  a  rate  of  2k 
signals/hr.  Half  of  the  Ss  in  both  conditions  worked  with  the  light 
display,  and  the  remaining  half  worked  with  the  null-meter  display. 

The  80  Ss  were  randomly  assigned  to  the  four  conditions  of 
tremsfer  emd  display,  with  a  total  of  20  Ss  in  each  group. 

All  Ss  monitored  through  two  periods  of  k^  min.  each,  with  a 
period  of  approximately  50  min.  of  rest  between  the  two  monitoring 
sessions.  Ss  rested  outside  the  experimental  booths. 
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Results . 


Ibe  detection  data  were  analyzed  first  in  terns  of  type  of 
display.  Following  this  a  series  of  separate  analyses  were  per- 
fonoed  first  on  the  meter  data  and  then  on  the  light  data.  The 
final  analyses  were  on  the  response  latency  data. 

Displays.  The  mean  percentage  of  correct  detections  for  the 
meter  display  was  9^.9)(  as  opposed  to  a  meam  percentage  of  82.2^ 
for  the  light  display.  A  Mann-Whltney  test  of  these  data  yielded 
a  large-sanple  Z  of  4.73  with  a  p  of  less  than  .0003  &nd  It  was 
concluded  that  the  two  groups  represented  samples  from  two  dif¬ 
ferent  popiilatlons.  In  view  of  this  result  the  data  from  the 
lights  and  meters  were  treated  as  two  separate  experiments. 

Null-meters.  The  first  analysis  consisted  of  a  conparlson 
of  the  perfonnance  at  the  high  signal  rate  of  the  20  Ss  idiose 
Initial  performance  was  at  the  high  signal  rate  with  the  performance 
of  the  20  Ss  >diose  Initial  performance  was  at  the  low  signal  rate. 
The  purpose  of  this  analysis  was  to  determine  the  transfer  effects 
In  going  from  a  low  to  a  high  signal  rate.  The  mean  percentage 
correct  detections  for  these  groups  were  92.2^  for  the  Control 
group  and  97*0jl  for  the  transfer  group. 

A  Krushak-Wallls  one-way  analysis  of  variance  yielded  an 
H  of  1.23  with  a  2  greater  than  .03.  There  was  no  significant 
transfer  In  going  from  the  low  to  the  high  signal  rate. 
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V. 


The  second  analysis  consisted  of  a  coiq)arlson  of  the  performance 
at  the  low  signed  rate  of  the  20  Ss  \diose  Initial  performance  was  at 
the  low  signal  rate  with  the  performance  of  the  20  Ss  vhose  Initial 
performance  vas  at  the  high  signed  rate.  The  purpose  of  this  analysis 
veks  to  determine  the  treuisfer  effects  In  going  from  a  high  to  a  low 
signal  rate.  The  mean  percentage  correct  detections  for  these  groups 
were  S&ft  for  the  control  group  and  931^  fcr  the  transfer  group. 

A  Krusked-Wedlls  one-way  analysis  of  variance  yielded  an  H  of  0.128 
with  a  £  greater  than  .03.  l^ere  was  no  significant  transfer  In  going 
from  high  to  low  signal  rates. 

The  fined  emalysls  consisted  of  a  con^arlson  between  performemce  at 
the  high  signal  rate  with  performance  at  the  low  signal  rate  regardless 
of  idilch  order  the  Individual  participated  In  these  conditions.  This 
anedysls  was  possible  because  of  the  failure  to  find  tremsfer  effects 
between  signal  rates. 

The  mean  percentage  correct  detections  for  the  high  signal  rate 
vas  the  mean  for  the  low  signal  rate  was  A  Wllcoxon  matched- 

pairs  slgned-remks  test  on  these  data  yielded  a  T  of  38  with  an  associated 
£  greater  than  .03-  In  this  case  no  slgnlflcfluit  difference  as  a  function 
of  signal  rate  was  demonstrated. 

Lights.  The  first  analysis  In  this  group  was  made  In  terms  of  the 
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transfer  effects  in  going  from  a  low  to  a  high  signal  rate.  The  mean 
percentage  detections  for  the  two  groups  were  06. 9j^  for  the  control 
group  and  for  the  transfer  group. 

A  KruskajL-Wallis  one-way  analysis  of  variance  yielded  an  H  of  0.63 
with  a  H  greater  than  .05°  There  was  no  significant  transfer  in  going 
from  the  low  to  the  high  cignal  rate. 

A  second  analysis  was  made  in  texms  of  the  transfer  effects  in  going 
from  a  high  to  a  low  signal  rate.  The  mean  percentage  correct  detections 
for  the  two  groups  were  77%  for  the  control  group  and  for  the  transfer 
group.  A  Kruskal-Wallls  one-way  analysis  of  variance  yielded  an  H  of  1.32 
%rlth  a  £  greater  them  .05.  There  was  no  significemt  transfer  in  going 
jfirom  high  to  low  signal  rates. 

A  fined  analysis  compared  performance  at  the  high  signed  rate  with 
performance  at  the  low  signed  rate  regemdless  of  which  order  the  individ¬ 
ual  participated  in  these  conditions.  As  with  the  meter  analyses,  this 
emalysis  was  possible  because  of  the  failure  to  find  significemt  tremsfer 
effects  between  signal  rates. 

The  mean  percentage  correct  detections  for  the  high  signal  rate  was 
&S%}  the  mean  for  the  low  signed  rate  was  A  Wilcoxon  matched-i>airs 

signed- ranks  test  on  these  data  yielded  a  Z  of  1.68  with  cm  associated  £ 
of  less  than  .05*  In  this  case,  the  high  signed  rate  resulted  in  signifi¬ 
cantly  superior  detection  performemce. 
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Latencies.  Three  analyses  were  made  of  the  latency  data  for  this 
study.  Differences  between  the  N'o  shown  in  the  tables  and  the  toted 
N's  for  the  groups  are  the  result  of  eliminating  individuals  for  vtiam 
insufficient  latencies  were  available  for  emalysls. 

fRie  first  analysis  consisted  of  a  compeurlson  of  the  light  and  null- 
meter  displays  over  three  equal  time  periods.  These  results  are  given  in 
Table  12.  An  analysis  of  variance  for  these  data  is  presented  in  Table 
13.  The  only  significant  F  for  this  analysis  (10.29  £  <.01,  2  and  256  §f) 
was  that  for  time  periods.  Examination  of  Table  12  indicates  that  this 
effect  resulted  entirely  from  a  systematic  increase  in  latencies  with  time 
for  the  light  display.  The  null-meter  data  showed  practically  no  varia¬ 
tion  at  all.  These  are  the  first  latency  data  in  this  entire  series  of 
studies. demonstrating  a  significant  relationship  between  latencies  and 
time. 

The  second  analysis  was  on  the  low  signal  rate  data.  These  latencies 
were  again  ancdyzed  in  terms  of  the  two  displays  and  three  time  periods. 

The  results  are  given  in  Table  lU.  An  analysis  of  veirlance  for  these  data 
is  presented  in  Table  I5.  The  only  significant  F  (4.52  £<.05#  2  and  112 
df )  was  for  the  interaction  between  time  periods  and  displays.  As  in  the 
preceding  analysis  this  F  was  the  result  of  the  increase  in  latencies  for 
the  light  display  after  the  first  time  period. 

The  fined  analysis  was  on  the  high  signal  rate  data.  Again,  the 
latencies  were  emedyzed  in  terms  of  the  two  displays  emd  three  time  periods. 
!niese  data  Bjre  presented  in  Table  I6.  The  light  display  data  tend  to  show 
a  systematic  Increase  in  latencies  over  time  periods,  but  the  effect  is  not  ■ 
reflected  in  the  accompanying  anedysls  of  variance. 
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TABLE  12 


Response  Latencies*  for  Lights  and  Meters 


TIME  PERIOD 


CONDITION 

1 

\ 

2 

3 

AVERAGE 

Lights 

1.23 

1.46 

1.58 

1.43 

Null-Meters 

1.4? 

1.48 

1.46 

1.47 

AVERAGE 

1.35 

1.47 

1.52 

♦Arbitrary  units: 

one  unit 

equals  1.25 

sec. 

approximately. 
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TABLE  13 


! 


Analysis  of 

Variance 

for  Light 

and  Meter  Latencies 

SOURCE 

i 

SS 

MS  F 

1 

Lights  Vs.  Meters 

31 

1 

.31 

1  S’s  In  Same  Grp- 

1 

98^0 

128 

.77 

1 

TOTAL 

98061 

129 

*  Between  Periods 

^o23 

2 

2.12  10  29* 

Periods  x  Cond. 

„89 

2 

OJ19  2.16 

,  Pooled  Ss  X  Periods 

52.95 

296 

0.21 

1  TOTAL 

98-07 

260 

TOTAL 

196068 

389 

I 


I  *  2  < 

1 

I 
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TABLE  Ik 


Latencies*  for  Lights  and  Meters 
at  Low  Signal  Rate 


Response 


CONDITION 

1 

Lights 

1.19 

Null-Meters 

1.50 

AVERAGE 

1.35 

TIME 

PERIOD 

2 

3 

AVERAGE 

1.57 

1.63 

1.46 

1.1^5 

1.41 

1.45 

1.51 

1.52 

♦Arbitrary  units:  one  unit  equals  1.25  sec.  approximately. 
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TABLE 

Analysis  of  Variance  for  Low  Signal  Rate 


SOURCE 

SS 

MS 

F 

Lights  VS.  Meters 

.00 

1 

.00 

-- 

S's  in  Same  Gzi>^ 

U9.?l 

.89 

TOTAL 

4^.91 

Between  Periods 

1.09 

2 

.55 

2.12 

Periods  x  Cond. 

2.33 

2 

1.16 

4.52* 

Pooled  Ss  X  Periods 

28.85 

112 

.26 

TOTAL 

52.27 

116 

TOTAL 

82.18 

173 

*  2  <-05 
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TABLE  16 


Response  Latencies*  for  Lights  and  Meters 
at  High  Signal  Rate 


TIME  PERIOD 


CONDITION 

1 

2 

3 

AVERAGE 

Lights 

1.27 

1.36 

1.53 

1.39 

Null-Meters 

1.4? 

1.50 

1.52 

1.50 

AVERAGE 

1.37 

1.^*3 

1.53 

♦Arbitrary  units; 

one  unit 

equals  1.25  sec. 

approximately 
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Discussion. 


None  of  the  euialyses  relating  to  transfer  effects  In  this  study 
yielded  significant  differences  between  treatments.  The  failure  to 
find  differences  under  the  specific  conditions  of  this  experiment,  of 
course,  does  not  prove  that  some  transfer  effect  does  not  exist.  How¬ 
ever,  the  data  suggest  strongly  that  such  effects  must  be  rather  short¬ 
lived  and  relatively  weak  and  of  small  practical  significance. 

The  finding  that  detection  performance  Is  superior  with  a  high 
signal  rate  to  that  found  with  a  low  signal  rate  with  the  light  display 
Is  In  line  with  the  evidence  from  other  stvidles  In  the  literature  and 
adds  further  confirming  evidence  for  the  vedldlty  of  the  light  task  as  a 
vehicle  for  vigilance  research. 

The  finding  of  greatest  Interest  In  this  study  was  the  highly  sig¬ 
nificant  difference  between  displays.  Whereas  the  data  for  the  light 
display  showed  the  characteristic  failures  to  detect,  the  null-meters  did 
not.  The  evidence  Is  quite  clear  that  the  null-meter  task  as  pre¬ 

sently  constituted  Is  not  a  suitable  vehicle  for  vigilance  research.  This 
conclusion  is  further  supported  by  the  lat'*ncy  data.  The  meter  display 
yielded  a  constant  level  of  latencies  throughout  all  periods  of  all 
conditions  in  contrast  to  the  light  data  which  showed  a  systematic  Increase 
in  response  latencies  over  time  periods. 
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The  statement  that  the  null-meter  task  Is  not  a  suitable  vehicle 


for  vigilance  research  requires  some  further  e3q)lanatlon.  A  defining 
characteristic  of  "vigilance"  Is  a  demonstrated  performance  decrement 
over  time.  When  a  given  task  falls  to  demonstrate  such  a  systematic 
reduction  In  performance  level  then  no  vigilance  problem  exists  In 
terms  of  this  situation  and  It  is  not  possible  to  usefully  employ  such 
a  task  for  vigilance  research.  Clearly,  It  Is  necessary  to  employ  a 
task  In  \dilch  It  can  be  demonstrated  that,  before  the  administration 
of  ejqperlmental  variables,  a  vigilance  decrement  will  occur. 

It  Is  well  established  that  displays  can  be  designed  which  will 
largely  eliminate  the  vigilance  affect  by  presenting  intense  signals  over 
relatively  long  x>erlods  of  time.  In  the  present  study  the  nature  of 
the  meter  display  was  such  that  the  signals  were  easily  discriminable 
over  a  relatively  long  period  of  time  (on  the  order  of  six  times  as  long 
as  the  light  signal).  False,  or  distracting,  movements  of  the  pointer 
were  not  eii5)loyed  so  that  any  movement  of  the  pointer  was  always  cor¬ 
related  with  a  signal.  Thus,  In  hindsight.  It  Is  not  at  elII  surprising 
that  this  display  yielded  no  decrement  over  the  time  period  sampled  in 
this  study.  It  is  clear  that  the  characteristics  of  the  meter  display 
enployed  in  this  study  are  not  those  found  In  operational  meter  displays, 
and  for  this  reason,  the  present  results  are  probably  not  applicable  to 
such  situations. 

An  obvious  implication  of  the  present  results  Is  th^t  the  use  of 
null-meters  with  the  characteristics  of  the  meters  employed  in  this 
would  provide  a  sln5)le  solution  to  the  vigilance  problem.  However,  it 
should  be  noted  that  the  current  program  of  research  is  predicated  on 
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the  assumption  that  tasks  do,  and  will  exist  in  which  vigilance  decrements 
eure  a  significant  characteristic,  and  for  which  apparatus  modifications 
(i.e.,  human  engineering  solutions)  are  not  feasible.  For  such 
situations,  a  reasonable  alternative  solution  is  the  manipulation  of 
Job  and  environmental  factors  to  optimize  operator  performance,  and  it 
is  the  determination  of  such  optimal  conditions  that  is  the  objective 
of  the  present  research. 

The  failure  to  demonstrate  a  vigilance  effect  with  the  null-meter 
display  and  the  tendency  for  some  of  the  conditions  in  the  earlier 
experiments  in  this  series  to  yield  large  numbers  of  perfect  detection 
performances  siiggests  that  more  careful  consideration  be  given  to  the 
nature  of  the  displays  employed  in  future  studies.  It  seems  highly 
probable  that  an  increase  in  task  difficulty  would  have  a  salutary 
effect  on  the  research.  It  would  tend  to  increase  the  nsitivity  of 
the  task  to  the  effects  of  the  experimental  variables  at  higher  levels 
of  performance,  permitting  finer  discriminations  between  variables,  and 
would  at  the  same  time  yield  less  truncated  distributions  of  scores, 
aillowlng  for  more  sophisticated  statistical  analyses. 

In  addition,  a  change  in  the  experimental  procedures  to  employ  a 
brief  pre-testing  session  would  permit  better  control  of  the  individual 
differences  variables  and  em  extension  of  the  test  length  to  a  length 
of  approximately  two  and  one  half  hovirs  would  tend  also  to  increase  test 
sensitivity. 

All  of  these  possibilities  will  be  given  consideration  in  future 
studies. 
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SUMtARY  AND  CONCLUSIONS 


Seven  experiments  were  conducted^  in  tliis  Bei'i««.  These  Included 
conparisons  between  multiple  and  single  monitored  systems;  paired  and 
Isolated  monitors  at  high  and  at  lov  signal  rates;  spaced  and  maussed 
monitoring  at  high  and  at  lov  signal  rates;  a  comparison  between 
spaced,  paired,  and  a  combination  of  spaced  and  paired  monitoring;  and 
a  eompaurlson  of  transfer  effects  In  going  from  high  to  lov  euid  from 
lov  to  high  signal  rates  In  terms  of  two  different  displays.  The 
results  of  these  studies  and  the  conclusions  growing  out  of  these  results 
are  summarized  under  four  headings!  The—  are  multiple  monitoring, 
spaced  monitoring,  spaced-paired  monitoring,  and  transfer.  (  ) 


Multiple  Monitoring 

Three  studies  were  conducted  on  the  effects  of  multiple  monitoring. 
The  first  study  compared  the  detection  output  of  multiple-monitored 
with  Individually  monitored  systems  and  demonstrated  significantly 
superior  detection  levels  for  conditions  in  which  two  men  monitored 
the  same  system.  Mhen  Individually  monitored  systems  were  randomly 
paired,  however,  and  compared  with  cooperatively  and  competitively 
multiple-monitored  systems  the  differences  In  detection  levels  were  not 
significant,  although  competitive  multiple-monitoring  resulted  In  6^ 
more  detections  over  all. 

The  second  study  examined  the  effects  of  pairing  on  Individual 
perfozmance  when  a  high  signal  rate  was  employed.  The  results  Indicated 
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that  individual  detection  perforaances  tended  to  inq)rove  when  the 
individual  monitored  in  the  presence  of  a  second  monitor  but  that 
the  effect  was  specific  to  the  pairs  Involved. 

A  third  study  examined  the  effects  of  pairing  on  individual 
perfoimance  when  a  lov  signal  rate  was  es^lQyed.  In  contraat  to 
the  results  of  the  second  study,  the  results  of  the  third  study 
indicated  no  over-all  facilitation  of  individual  performances  when 
individuals  were  paired.  However,  as  in  the  second  study,  a  signi¬ 
ficant  relationship  was  demonstrated  between  the  performances  of 
paired  individuals. 

In  general,  it  can  be  concluded  that  multiple-monitoring  results 
in  significantly  improved  detection  i)erfonnance  for  a  system  and  that 
under  some  circumstances  will  yield  in5)roved  individual  performance 
as  well,  vnien  individual  performance  is  not  improved  it  does  not 
appear  to  be  reduced  as  a  result  of  x>&lring. 

Spaced  Monitoring 

Two  studies  on  the  effects  of  spacing  were  conducted.  The  first 
study  examined  the  effects  of  brief  rest  pauses  on  detection  performance 
when  a  high  signal  rate  was  enployed.  The  results  Indicated  significantly 
superior  detection  performance  over  the  entire  time  period  sanpled  >rtien 
rest  pauses  were  enployed. 

The  second  study  examined  the  effects  of  brief  rest  pauses  on 
detection  performance  when  a  low  signal  rate  was  employed*  As  in  the 
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first  study,  the  results  ind.lcated.  significantly  superior  detection 
perfoxnance  over  the  entire  tine  period,  sampled  when  rest  pauses 
vere  employed. 

The  results  of  these  studies  In  ccnbinatlon  lead  to  the  conclusion 
that  the  effects  of  rest  pauses  are  both  powerful  and  general  In  their 
effects  and  suggest  that  pauses  of  even  briefer  duration  may  be  equally 
effective  In  maintaining  a  high  level  of  performance. 

8paced"Palred  Monitoring 

A  single  experiment  was  perfomed  to  determine  the  comparative 
effectiveness  of  pairing,  rest  pauses,  and  a  combination  of  pairing 
and  rest  pauses.  The  results  of  this  study,  while  statistically  non¬ 
significant,  were  In  the  predicted  direction.  The  combination  of 
spacing  and  pairing  produced  the  hipest  over-all  detection  level  (96?t) 
of  any  of  the  conditions  employed  In  this  series  and  this  level  was 

maintained  throu^out  the  entire  time  period  sampled.  The  spaced 
condition  produced  the  next  highest  detection  level  (93^)#  and 
the  pairing  condition  yielded  the  lowest  level  (86^),  although 
it  should  be  noted  that  in  the  first  study  the  treatment  of  competi¬ 
tive  pairs  as  a  single  system  output  yielded  detections. 


66 


w. 


I 


In  general,  it  can  be  concluded  from  the  results  of  this  series 
of  studies  that,  vhen  pairing  and  spacing  are  feasible  In  the  opera¬ 
tional  situation  and  a  relatively  high  signal  rate  can  be  anticipated, 
some  combination  of  these  factors  will  lead  to  near-optimum  detection 
levels  over  fairly  extended  periods  of  time. 

Figure  10  summarizes  the  major  conparisons  of  interest  in  this  group 
of  studies.  In  these  analyses  the  term  following  the  magnitude  symbol 
in  the  first  column  of  the  table  served  as  the  standard  against  which 
the  term  preceding  the  magnitude  symbol  was  con5)ared.  The  standard 
error  of  the  difference  between  means  for  the  two  terms  was  computed 
and  the  upper  and  lower  95^  confidence  limits  of  the  mean  difference 
were  determined.  These  limits  and  the  mean  difference  were  then  con¬ 
verted  to  percentages  and  are  presented  in  this  form  in  the  Table. 

Those  cases  In  which  the  confidence  limits  do  not  overlap  with  the 
line  indicates  the  degree  to  which  the  mean  differences  fall  below 
this  level. 


Transfer 

A  single  study  was  performed  to  determine  the  effects  of  transfer¬ 
ring  from  one  signal  rate  to  another.  No  transfer  was  demonstrated 
either  in  going  from  a  low  to  a  high,  or  from  a  high  to  a  low  signal 
rate  and  it  was  concluded  that  if  transfer  effects  are  present  they 
are  of  such  small  magnitude  as  to  be  of  little  practical  concern. 

This  study  found  confirming  evidence  for  superior  performance 
withahigner  signal  rate. 
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FIG.  10.  MAJOR  GROUP  COMPARISONS  IN  TERMS  OF  MEAN 
PERCENT  DIFFERENCES. 


68 


The  finding  of  greatest  interest  vas  the  failure  to  demonstrate 
any  vigilance  effect  en5)loylng  a  null-meter  display.  As  a  result  of 
this  study  consideration  is  being  given  to  modification  of  the  displays 
ezi^loyed  in  the  later  phases  of  this  program^  as  well  as  to  changes 
in  procedures  for  testing. 
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